Summary. The effect of inoculum size on the results of agar dilution MIC tests was assessed for 20 Moraxella catarrhalis isolates with BRO-1 enzyme, 20 with BRO-2 enzyme and 15 isolates that did not produce p-lactamase. The compounds tested were ampicillin, coamoxiclav, cefaclor, cefixime and cefetamet, and the inocula were lo4, lo5, lo6 and lo7 cfu/spot. The MICs of ampicillin for BRO-1 and BRO-2 producers were consistently higher than those for non-producers at inocula of lo7 cfu/spot but overlapped with those for nonproducers at lower inocula. A small p-lactamase-related inoculum effect was seen with coamoxiclav; small inoculum effects also occurred with cefaclor and cefixime but were not related to enzyme presence or type. MICs of cefetamet were the least affected by the inoculum size. For all the compounds, the degree of correlation between MICs and the inhibition zones observed in disk diffusion tests was independent of the inoculum used in the MIC tests. These data suggest that high inocula should be used to determine MICs of ampicillin for M . catarrhalis but that this precaution is unnecessary with the cephalosporins tested or with coamoxiclav.
Introduction
Over 80 YO of Moraxella catarrhalis isolates from many countries produce P-lactamases of the BRO-1 or BRO-2 types.'? Enzyme producers are clinically resistant to ampicillin but some, especially those with BRO-2 enzyme, appear relatively sensitive in MIC tests. 3 The failure of such tests to detect ampicillin resistance may reflect the use of low inocula. Inoculum effects have been observed for M . catarrhalis with several p-lactam agents, including ampicillin,4* but their relationship to p-lactamase type has not been defined.
Inoculum effects also merit investigation for the newer oral cephalosporins, such as cefixime. Although these compounds are considerably more stable than ampicillin to BRO enzymes, they often appear two-to four-fold less active against enzyme-producers than non-producers in MIC tests with inocula of lo4 cfu/spot.2T6 Such behaviour suggests slight plactamase lability, which might be reflected in inoculum-dependen t susceptibility .
In this investigation, the effect of inoculum size on the susceptibility of M . catarrhalis to ampicillin and cephalosporins was examined in relation to plactamase pattern.
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Materials and methods

Bacterial strains
The 55 M . catarrhalis isolates studied were collected during a survey in 1991 ;2 20 had BRO-1 enzyme, 20 had BRO-2 enzyme and 15 lacked either P-lactamase, as judged by iso-electric focusing. M . catarrhalis control strains ATCC 25238 (P-lactamase-negative), Ravasio (BRO-I+) and 1908 (BRO-2+) were tested in parallel.
Media and antibiotics
Media, supplements and antibiotic-containing disks were from Unipath Ltd (Basingstoke, Hants). Coamoxiclav, comprising amoxycillin and clavulanate in a 2: 1 ratio, was supplied as Adatabs by Mast Laboratories Ltd (Merseyside); cefaclor was from Sigma (St Louis, MO, USA); cefixime from Lederle Laboratories, (Gosport, Hants) and cefetamet from Roche Products, (Welwyn Garden City, Herts).
MIC determinations
Cultures were grown for 5 h in brain-heart infusion broth supplemented with Fildes' extract 5 YO. These suspensions, and serial 1 0-fold dilutions prepared from them, were deposited by a Denley multipoint in- oculator on to DST agar containing lysed horse blood 0.25 % v/v and antimicrobial agents at concentrations covering the range 128-0.008 mg/L in two-fold steps. The undiluted suspensions gave inocula of lo7 cfu/ spot and the dilutions gave inocula of lo6, lo5 and lo4 cfu/spot. Viable counts were checked on a random sample of the inocula. All plates were incubated at 37°C in an atmosphere containing CO, 5 YO.
Disk susceptibility tests
Cultures were grown as for MIC tests, diluted 1 in 100 in peptone water, and then swabbed on to plates containing DST agar supplemented with lysed horse blood 0.25 % v/v. The following disks were applied to the agar surface : ampicillin 2 pg, co-amoxiclav 2+ 1 pg, cefaclor 30 pg, cefixime 5 pg and cefetamet 10 pg. The inoculation procedure gave rise to semiconfluent growth, and zone diameters were read to the nearest millimetre after overnight incubation at 37°C in CO, 5 YO.
Statistical analysis
Correlation coefficients between inhibition zone diameters and logarithms of MICs at different inocula were calculated by the method of least squares.
Results
MICs
The P-lactamase-positive M . catarrhalis isolates showed a large inoculum effect with ampicillin, such that the increase in the geometric mean MIC of ampicillin between inocula of lo4 and lo7 cfu/spot was 64-fold for BRO-1 producers and 16-fold for BRO-2 producers, compared to only two-fold for P-lactamasenegative isolates ( fig. 1) . At an inoculum of lo7 cfu/spot, all the P-lactamase-producing isolates were less susceptible to ampicillin than non-producers and virtually all the BRO-1 producers were more resistant than the BRO-2 producers. At inocula of lo4 and lo5 cfu/spot the MIC distributions for these three groups of isolates substantially overlapped one another ( fig.  2) .
At an inoculum of lo4 cfu/syot, BRO-1 producers tended to be two-to four-fold less susceptible to coamoxiclav, cefaclor and cefixime than were plactamase non-producers or those with BRO-2 enzyme. MICs of these compounds rose as the inoculum was increased, but only with co-amoxiclav was this effect greater for P-lactamase producers than for nonproducers (table I) . For cefixime and cefaclor, the MICs rose about two-to eight-fold for all isolates, regardless of P-lactamase production. MICs of cefetamet were unrelated to P-lactamase presence or type and showed the smallest inoculum effect of any compound tested.
Correlation of inhibition zones with MICs
Regardless of the inoculum size, the correlation coefficients were consistently good for ampicillin, co-amoxiclav and cefixime and consistently poor for cefaclor and cefetamet (table 11) . Only with cefaclor did the correlation coefficient consistently increase as the MIC test inoculum was raised, though the actual degree of correlation remained poor even at the highest inoculum tested. oculum effect with benzylpenicillin. Similarly, Doern and Tubert5 observed inoculum effects for benzylpenicillin, ampicillin, cephalothin, cephamandole, cefuroxime and cefaclor for five M . catarrhalis strains that appeared susceptible to ampicillin at low inocula.
In the present investigation, P-lactamase-positive Inoculum effects occur widely in titrations of p-M . catarrhalis isolates exhibited an inoculum effect lactam antibiotics against P-lactamase-producing bacwith ampicillin whereas P-lactamase-negative isolates teria. In the case of P-lactamase-producing M .
did not. At an inoculum of lo4 cfu/spot, many enzyme catarrhalis, Percival et ~1 .~ reported a profound inproducers appeared as sensitive as non-producers whereas their resistance was apparent at an inoculum of lo7 cfu/spot. At the latter inoculum the MICs for BRO-1 enzyme producers and non-producers were distinct, and there was little overlap even between isolates with BRO-1 and those with BRO-2. Apparent susceptibility of P-lactamase producers in tests with low inocula has been reported by others7 and contrasts with the ineffectiveness of ampicillin in infections caused by these organisms.' Although BRO-2 producers were generally less resistant to ampicillin than those with BRO-1 enzyme, they did not show greater inoculum effects. The observation contrasts with the finding of Doern and Tubert5 that inoculum effects in broth dilution MIC titrations were greater for those P-lactamase producers that appeared most susceptible at low inocula.
Discussion
A small P-lactamase-related inoculum effect was also seen for co-amoxiclav but no P-lactamase-related inoculum effect occurred for any of the cephalosporins tested, despite the fact that MIC data suggested that one or both BRO enzymes gave marginal protection against cefixime and cefaclor. Inoculum effects that were unrelated to P-lactamase production were seen for cefixime and cefaclor, although not for cefetamet.
Eliasson and Kamme' also observed an inoculum effect with cefaclor for both enzyme-producers and non-producers. The mechanism(s) of these effects are unknown.
Correlation coefficients between MICs and the inhibition zones of disks were calculated solely to determine whether the degree of correlation was influenced by the inoculum size, as had been found in earlier investigations of methicillin-susceptible staphylococci tested against various cephalosporins and P-lactamase inhibitors. For the M . catarrhalis isolates examined in the present study there was little general relationship between inoculum size and the degree of correlation : the correlation coefficients for ampicillin and co-amoxiclav increased only marginally as the MIC inoculum was raised; that for cefaclor rose markedly, but remained below the accepted threshold of significance (r = 0.7). Correlation coefficients for cefetamet and cefixime varied inconsistently with the inoculum. The low correlation coefficients, notably for cefaclor and cefetamet, raise the question of the validity of disk tests with these compounds for predicting the clinical susceptibility of M . catarrhalis. However, at most inoculum levels, the MICs of these compounds were tightly clustered and high correlation coefficients are unlikely to be achieved under such conditions. Therefore, these findings merely show that the degree of correlation was not substantially inoculum dependent, and do not provide a rigorous examination of the validity of disk tests with these compounds, which would demand inclusion of isolates with a broader range of MICs.
The present data suggest that MICs of ampicillin for M . catarrhalis should be measured with much higher inocula than are conventionally used, but that this precaution is unnecessary with newer cephalosporins, despite the suggestion that BRO-1 enzyme may give slight protection against these compounds.
